Abstract: Sustainability decision making is a complex task for policy makers, considering the possible unseen consequences it may entail. With a broader scope covering environmental, economic, and social aspects, Life Cycle Sustainability Assessment (LCSA) is a promising holistic method to deal with that complexity. However, to date, this method is limited to the hotspot analysis of a product, service, or system, and hence only assesses direct impacts and overlooks the indirect ones (or consequences). This critical literature review aims to explore the challenges and the research gaps related to the integration of three methods in LCSA representing three pillars of sustainability: (Environmental) Life Cycle Assessment (LCA), Life Cycle Costing (LCC), and Social Life Cycle Assessment (S-LCA). The challenges and the research gaps that appear when pairing two of these tools with each other are identified and discussed, i.e., the temporal issues, different perspectives, the indirect consequences, etc. Although this study does not aim to remove the shadows in LCSA methods, critical research gaps are identified in order to be addressed in future works. More case studies are also recommended for a deeper understanding of methodological trade-offs that might happen, especially when dealing with the consequential perspective.
Introduction
In 2015, an international agenda was agreed upon in an attempt to move society towards improved wellbeing and surroundings, through a collective plan called the Sustainable Development Goals (SDGs) [1, 2] . SDGs were marked as a progressive move to achieve sustainable development involving various stakeholders in many regions. In comparison to their predecessor, Millennium Development Goals, new fields were added, addressing issues such as climate change, economic inequality, innovation, sustainable consumption, peace, and justice, among other priorities [1, 3] .
Sustainability challenges have attracted increasing attention over the last few decades. However, the sustainability challenges we face today are frequently seen solely in terms of environmental threats, and thus the assessment emphasizes only on this aspect [4] [5] [6] . Many tentative efforts for expanding the scope of assessment away from exclusively looking at the environmental space have been made, incorporating both economic and social aspects [6] [7] [8] . Life Cycle Assessment (LCA) is a In 2008, the European arm of the Society of Environmental Toxicology and Chemistry (SETAC-Europe) published a book [23] which was the result of its working group, in which three different categories of LCC were described: Conventional LCC, environmental LCC, and social LCC. If conventional LCC disregarded the post-production phase, while social LCC focused on indirect social costs, the environmental LCC was different. It was a mirror of LCA, which has the same definition as the assessment of entire product life cycle costs that are directly borne by one or more participants in its life cycle, with the inclusion of environmental externality costs [23] . It has generally been agreed that, among those three LCC types, environmental LCC was appropriate to be used in parallel with LCA, to support the sustainability pillars [7, 23] . For the sake of simplicity, we will refer in this article to environmental LCC.
Social Life Cycle Assessment (S-LCA)
S-LCA assesses the real (site-specific) and potential, positive and negative, socio-economic impacts of a product system through its life cycle. Unlike its counterparts introduced earlier, S-LCA has a predecessor, namely Social Impact Assessment (SIA), which aimed to evaluate the social impacts of activities [24] .
S-LCA does not have a long history, compared to the other two methods. Indeed, the first S-LCA guidelines from UNEP/SETAC [25] were published in 2009, in order to provide guidance to stakeholders involved in the evaluation of the social impacts of products through their lifespan. S-LCA has four phases: Goal and scope definition, inventory analysis, impact assessment, and interpretation. Some noticeable differences to environmental LCA include the high level of stakeholder involvement in the goal and scope definition, data collection, and interpretation steps, as well as the high level of sensitivity to varying geographical locations for each stage [25] .
Recently, S-LCA is gaining much attention in the scientific community. It can be seen from the efforts proposed to advance the method (i.e., revisions on the current guideline, linking life cycle thinking to SDGs) and the different contexts of its application, including cutting-edge topics such as circular economy [26, 27] , renewable energy [28, 29] , and bio-based economy [30, 31] . However, the gaps still exist when it is combined with other tools and it will be elaborated on more in Section 2.
Life Cycle Sustainability Assessment (LCSA)
The development of the LCSA framework originated from the need to incorporate the three pillars of sustainable development (environmental, economic, and social impacts) into one formulation, while retaining a life cycle perspective. There are two main formulations of LCSA. The first one is the LCSA model suggested by Kloepffer [7] , which consists of LCA + LCC + S-LCA, where LCA is an ISO-conforming, environmental life cycle assessment; LCC is an LCA-type environmental life cycle costing; and S-LCA is a social life cycle assessment [7] . Second, LCSA acts as a framework, rather than a model, with a similar definition as first formulated, but with a broader and deeper scope [32] . LCSA, as proposed by Guinee et al. [32] , then broadened the scope from primarily product-related subjects (product level) to subjects related to a sector (sector level) or to a whole economy. It broadened the scope of the present LCA to go beyond predominantly technological (or physical) interdependences (involving resource limitations) to cover economic and behavioral ones, thus making it possible for it to be combined with other methods, such as Material Flow Analysis, Cost-Benefit Analysis, etc. What makes it different is that, as part of broadening the scope, rather normative aspects such as discounting, weighting, and the notion of weak versus strong sustainability could be easily incorporated [33] . Both types of LCSA models (or frameworks) are included in this review.
The number of publications related to LCSA is steadily increasing, as can be seen in Figure 1 . From 2007 to October 2018, 124 papers were published on the topic, as determined by the authors, by putting the keywords "Life Cycle Sustainability Assessment" and/or "LCSA", into both the Scopus database and Google Scholar (see Supplementary Materials for details on the methodology). In total, 
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LCSA has been applied in many sectors, including transportation [34] [35] [36] , building [37] [38] [39] , energy [40] [41] [42] , agriculture [43, 44] , manufacturing [45, 46] , and waste treatment [47] [48] [49] . The increasing number of publications on this topic, and the diverse applications of case studies, shows that LCSA is now accepted as an assessment method to support decision making on sustainability. With the growing numbers of publications on LCSA, UNEP/SETAC [50] published a document as an introduction to the LCSA concept, and to provide guidance on putting LCSA into practice. In the guideline, the focus lays on the integration of three methods (LCA, LCC, and S-LCA) within an LCSA framework, through the presentation of various case studies. However, these three methods still have their distinctions, so they cannot be simply integrated and dovetailed with each other without some adaptation. This paper's primary objective, then, is to investigate the research challenges brought about by the integration of LCA, LCC, and S-LCA under the umbrella of an LCSA framework, and to consider these when dealing with direct and indirect impacts (i.e., consequences). This review paper, to the best knowledge of the authors, gives a novel and different angle on looking the intersecting challenges than previous review studies.
Current Research Challenges in LCSA
The following figure (Figure 2 ) presents the research issues that have been identified, which will be considered in the following sub-sections. LCSA has been applied in many sectors, including transportation [34] [35] [36] , building [37] [38] [39] , energy [40] [41] [42] , agriculture [43, 44] , manufacturing [45, 46] , and waste treatment [47] [48] [49] . The increasing number of publications on this topic, and the diverse applications of case studies, shows that LCSA is now accepted as an assessment method to support decision making on sustainability.
With the growing numbers of publications on LCSA, UNEP/SETAC [50] published a document as an introduction to the LCSA concept, and to provide guidance on putting LCSA into practice. In the guideline, the focus lays on the integration of three methods (LCA, LCC, and S-LCA) within an LCSA framework, through the presentation of various case studies. However, these three methods still have their distinctions, so they cannot be simply integrated and dovetailed with each other without some adaptation. This paper's primary objective, then, is to investigate the research challenges brought about by the integration of LCA, LCC, and S-LCA under the umbrella of an LCSA framework, and to consider these when dealing with direct and indirect impacts (i.e., consequences). This review paper, to the best knowledge of the authors, gives a novel and different angle on looking the intersecting challenges than previous review studies.
The following figure (Figure 2 ) presents the research issues that have been identified, which will be considered in the following sub-sections. 
The Integration of LCA and LCC
This section focuses on the integration of LCA and LCC, and addresses pinch points caused by their integration into LCSA. The lack of temporality is an issue in the LCA methodology that has been increasingly discussed by the scientific community [51] [52] [53] [54] [55] . LCA, by origin, is a steady-state framework where the temporality of the life cycle impacts is not entirely integrated into the inventory analysis or the impact assessment [54, 55] . For example, when the life cycle environmental impact of a 75-year old building is assessed, certain significant hypotheses are always applied, which suggest that the electricity composition used for the construction, the operational use, and the end-of-life stage of that building does not change over time, throughout its life cycle [56] . In contrast, the temporal aspect of monetary value is embedded in LCC. With its monetary flow and the involvement of discounted monetary value, LCC is temporal by default. Hence, the cost assessment of a product system over the years should use the discounted rate to apply the temporal aspect of the changed monetary flow [23] . This discrepancy may cause an issue in LCSA case studies when LCA and LCC are combined. For example, an LCSA of a building, by Ostermeyer et al. [57] , showed that the calculation used for the energy mix and the inventory data in their LCC study incorporated the discount rate for their cost flow. This meant that the future worth of a present sum of money, or a current stream of cash flow, was discounted at the considered discount rate across the given period. Ideally, this temporal integration should also be considered when dealing with current physical flows between the processes, as well as their emissions and resource use, from and to the environment. This is, however, not the case in standard LCA methodology, in which inventory results are aggregated values. By adding a temporal aspect to LCA, however, inventory results could be a function of time, where different characterization factors could consider a dynamic profile of the environmental impact.
Some effort has been made to identify the treatment of temporality in LCA and LCC, especially when a prospective change is assessed [58] [59] [60] . Heijungs et al. [61] argued critically on this, noting that even when LCA and LCC have identical system boundaries, they have two different ways of extracting indicators, so that any inclusion of time in these two methods must be carefully done. 
This section focuses on the integration of LCA and LCC, and addresses pinch points caused by their integration into LCSA.
Temporality in LCA and LCC (Issue 1)
The lack of temporality is an issue in the LCA methodology that has been increasingly discussed by the scientific community [51] [52] [53] [54] [55] . LCA, by origin, is a steady-state framework where the temporality of the life cycle impacts is not entirely integrated into the inventory analysis or the impact assessment [54, 55] . For example, when the life cycle environmental impact of a 75-year old building is assessed, certain significant hypotheses are always applied, which suggest that the electricity composition used for the construction, the operational use, and the end-of-life stage of that building does not change over time, throughout its life cycle [56] . In contrast, the temporal aspect of monetary value is embedded in LCC. With its monetary flow and the involvement of discounted monetary value, LCC is temporal by default. Hence, the cost assessment of a product system over the years should use the discounted rate to apply the temporal aspect of the changed monetary flow [23] . This discrepancy may cause an issue in LCSA case studies when LCA and LCC are combined. For example, an LCSA of a building, by Ostermeyer et al. [57] , showed that the calculation used for the energy mix and the inventory data in their LCC study incorporated the discount rate for their cost flow. This meant that the future worth of a present sum of money, or a current stream of cash flow, was discounted at the considered discount rate across the given period. Ideally, this temporal integration should also be considered when dealing with current physical flows between the processes, as well as their emissions and resource use, from and to the environment. This is, however, not the case in standard LCA methodology, in which inventory results are aggregated values. By adding a temporal aspect to LCA, however, inventory results could be a function of time, where different characterization factors could consider a dynamic profile of the environmental impact.
Some effort has been made to identify the treatment of temporality in LCA and LCC, especially when a prospective change is assessed [58] [59] [60] . Heijungs et al. [61] argued critically on this, noting Sustainability 2019, 11, 636 6 of 17 that even when LCA and LCC have identical system boundaries, they have two different ways of extracting indicators, so that any inclusion of time in these two methods must be carefully done.
For now, the temporality issue in LCA remains an open discussion in the scientific community, and is deemed to be only slightly resolved, while in LCC, it has been well implemented.
Consequential Perspective in LCA and LCC (Issue 2)
Before discussing the consequential perspective in LCSA, it is worth recapping on the main differences between consequential and attributional LCA. First, they differ in the definition of the system boundary, which was originally based on the process influenced by market change. Later, it was called affected technology or marginal technology [15] . However, a proper and consistently systematic method for determining a system boundary has not yet been established, despite the growing body of research applying and developing CLCA [14] .
Unlike CLCA, LCC (environmental LCC) with the consequential perspective is not explicitly mentioned in any literature. The notion of Consequential Life Cycle Costing (CLCC) was first mentioned in a UNEP/SETAC book on Environmental Life Cycle Costing [23] . The authors argued that, for certain reasons, discussions over attributional or consequential LCA could be transferred to LCC, with a consequential approach called "LCC planning", due to its focus on supporting decision making [23] . Another application of the consequential approach within the life cycle method has also been found in a study estimating electricity pricing [62] . However, the authors reported difficulties in finding the marginal costs necessary to apply CLCC. Another argument in favor of CLCC is that the consequential model is able to incorporate indirect market mechanisms and equilibrium analyses of the market, which are aspects that are highly meaningful to the context, and yet are frequently avoided in analysis [63] .
In the broader context, Sala et al. [64] pointed out a general research gap regarding the consequential approach in sustainability assessment. They argued that the notion of market resolution (i.e., region, country, etc.) also needed to be accounted for in sustainability assessments. However, they did not define the characteristics of the consequential approach in sustainability assessment, or its distinction from an attributional approach. Further examples of applications using CLCA and CLCC need to be documented.
The Integration of LCC and S-LCA
Concerning the integration of LCC and S-LCA, this literature review focuses on two key points: The different perspectives of the stakeholders involved and the consequential perspectives when using S-LCA. These points are discussed in the following sections.
Differences in Perspective when Using Both Methods (Issue 3)
One of the most important issues in applying S-LCA, particularly when integrated with LCC, is related to the perspective of the assessment depending on the participants concerned, within a given system boundary. Most LCC case studies in the literature primarily focused on the effect on one participant, for example, only the costs for the producer were represented in the model, and these were thus regarded as negative impacts which needed to be minimized [43, 65] . For other participants, such as consumers or end-of-life managers, the perspective would be different. From an employee's standpoint, for example, hourly wages can be considered as a positive impact as, generally, higher unit labor cost in the production process would mean more income to the labor force [66] . Most LCCs that are conducted within LCSA do not consider the importance of the participant perspective [46, 47] . Moreover, most S-LCA studies are carried out from perspectives different to those of the LCC. For example, in some S-LCA studies, the social impacts are seen from the perspective of the consumer, but at the same time, the costs from the consumer's viewpoint, related to the same product, do not seem to be accounted for in the LCC. This lack of consistency in perspectives makes interpretation of S-LCA and LCC results alongside each other difficult. As an example, an LCSA study of photovoltaic modules by Traverso et al. [67] shows the difficulty of comparing economic and social impact. Whether a product is beneficial or detrimental is subject to interpretation, based on a stakeholder's perspective, since a benefit for a company might not necessarily be a benefit for society, the company's workers, or local communities. Lu et al. [49] used different perspectives to account for the economic and social impacts of electronic waste recycling. In this study, most of the monetary value of the recycling process was quantified from the viewpoint of the recycling company as a leading participant, while on the other hand, they included the workers and the local community when looking at social aspects. In another instance, Menikpura et al. [48] applied an LCSA to assess municipal solid waste management systems, again using different participant perspectives when applying LCC and S-LCA. The participant considered in the LCC was the waste management company, while the S-LCA focused on the local community. To make a combined LCC and S-LCA assessment comprehensible and holistic for law enforcement, and to support policy initiatives, the participants in question should be the same for both methods.
Consequential Perspectives in LCC and S-LCA (Issue 4)
In Section 2.1.2, the lack of a consequential approach in LCC was partly discussed. To bring a consequential LCC into an LCSA framework, two primary considerations were suggested by Wood and Hertwich [63] , reflecting on the contradictions that LCC may have and the exclusion of some relevant indicators that LCC may exhibit. Firstly, the authors argued that consequential effects in LCC must be captured in the modeling framework of LCSA to be able to understand the full dimensions of economic sustainability, by involving more pertinent indicators to avoid double-counting, i.e., the added value to the economy, through parameters that are linked to it, such as import dependency, capital and labor, and potential innovation. These parameters are the indirect effects of the added value of goods in global trade. Otherwise, the economic dimension cannot be captured holistically in LCSA. Second, it was recommended that consequential LCC was undertaken on a macro-scale, and not merely at the product level. This was because there is an inherent contradiction in that from an individual user's perspective, life cycle cost should be minimized, while from society's perspective, the sum of the components of added value should generally be maximized. On this basis, the indicators used in LCC must be carefully chosen. In addition, attempts to estimate how added value will change as a consequence of different potential decisions are not captured yet in LCC. In particular, capturing the market effect and indirect consequences in the supply chain, with different what-if scenarios, will potentially increase the knowledge gained from it.
On the other hand, consequential S-LCA has the same status as consequential LCC. Jorgensen et al. [68] and Sousa-zomer et al. [69] were the only publications that this review could identify which touched upon this issue. Jorgensen et al. [68] argued that there were three types of S-LCA, i.e., consequential, educative, and lead firm, based on the practicality of the model. Consequential S-LCA aims to see the consequences of a product decision in terms of the social wellbeing of the stakeholders, in such a way that S-LCA creates its effect by merely influencing certain production levels in companies [68] . They argued that social impacts can also occur indirectly, through the absence of action, such as a decision not to implement a specific product life cycle. This is, to some extent, different to the consequential approach in LCA, which is more focused on the incorporation of market mechanisms into the estimation of indirect consequences in its assessment. How the consequential setting was proposed to be applied in S-LCA will be reviewed in greater detail in Section 2.3.4.
Concerning the application of LCSA, the integration of a consequential perspective in both S-LCA and LCC, however, has never been proposed in the literature-only the attributional approach has. In the publications which have been reviewed, there was no evidence that the consequential concept suggested by Jorgensen et al. was followed up with any applications. 
The Integration of S-LCA and LCA
The application and methodology of LCA and S-LCA have reached different levels of maturity. The observed difficulties that need to be considered when integrating S-LCA and LCA in the LCSA framework are discussed in the following sub-sections.
Impacts and Benefits in S-LCA Compared with LCA (Issue 5)
There is a major difference on how we frame, and thus view, S-LCA and LCA. In the context of delivering the message, LCA is framed to assess the environmental impacts (or the negative impacts) of the resource inputs and outputs which occurred in a functioning product system [70] . On the contrary, S-LCA inherently considers any social impacts, both negative and positive [25] .
In the discussion on the sustainability theme, the definition of Area of Protection (AoP) is a central focus, being a group of safeguard subjects that must be maintained for current and future generations [71] . In S-LCA, it is suggested that wellbeing is not only to be protected, but in fact promoted, while this is not the case for how AoP is defined in LCA [72] . Sustainability assessments should be assessing both the positive and negative effects of society's activities, but, as argued, this is usually not reflected, and so the positive benefits of a product are underestimated [73, 74] . The focus of LCA is on assessing environmental performance through negative environmental indicators, while for S-LCA it is on evaluating social performance through indicators for both negative and positive impacts, making interpretation of a product system more challenging. For example, when Quyen and Halog [75] studied the LCA and S-LCA of rice husk-based bioelectricity, they elaborated on the difficulty of choosing the most sustainable option, due to blurred trade-offs between potential negative and positive impacts (benefits). In their summary of endpoint impacts, the potential positive impacts considered were the impacts on social wellbeing and prosperity, through the total hours of employment and of knowledge-intensive jobs. On the other hand, impacts on the environment, i.e., the loss of ecosystem biodiversity and disability-adjusted life years of human health, were regarded as potential negative impacts. The authors calculated the overall weighted summary of the results by subtracting the potential positive impacts from the potential negative impacts, by assuming that the potential positive impacts (benefits) were compensated for by the potential negative impacts.
Cihat et al. [76] also faced this trade-off while assessing the sustainability of vehicle technologies for the United States. The conflicting goal existed in the context of considering the positive impacts of the products' social aspects, as well as negative impacts from the environmental perspective. The negative environmental impacts were primarily covered in the environmental assessment methods, such as LCA, but this did not account for the potential positive environmental impacts (i.e., benefits). The latter is considered when dealing with consequential LCA. It is suggested that life cycle methods should be extended to, and enlarged from, the priority of avoiding negative impacts, and also from the intensive promotion of positive impacts (benefits) in a way that supports sustainable development [74, 77] .
This idea of elaborating a more positive assessment by assessing environmental benefits (in addition to environmental impacts) has been initiated. A study by Norris [78] used the term "handprint", as opposed to "footprint", to quantify potential environmental benefits from a product or process. Steen and Palander [79] , and Rugani [80] argued that this could be used as part of sustainability assessment. We conclude that both benefits and impacts could be part of the assessment, since improving sustainability performance is not merely a matter of reducing the risks of negative consequences, but also entails the promotion of positive benefits [79] [80] [81] .
Different Scales of Assessment Applied (Issue 6)
S-LCA data could be collected through site-specific assessment or desktop screening. However, when site-specific data are not available or accessible, the use of statistical data from databases may not reflect the real situation adequately [82] . This is because most available databases reflect the country Sustainability 2019, 11, 636 9 of 17 or sector level, which is generally contrary to LCA, where various databases are available and have been developed at a process level. For S-LCA, databases are still in their developmental stage, and this creates an important obstacle for the application of LCSA to real-life case studies [74] .
This issue of data availability was noted in an LCSA study of fertilizers [43] , and to cope with this difficulty, the authors collected data on three geographical scales: Country, sector, and company, for foreground processes. For background processes, only data on the sector scale were considered. They argued that country and sector data could be used as a baseline for company indicator selection, i.e., for the identification of hotspots. Consequently, the study at a company scale could then focus on these identified hotspots.
Another issue that needs to be considered in the integration of S-LCA and LCA is that not all the social indicators can be calculated as a function of the defined functional unit. A functional unit is a powerful reference to reflect the actual environmental performance of a product system [83] . While this approach has been adopted by LCC [84] , S-LCA lacks this possibility, as it has both quantitative and qualitative indicators, and the latter cannot be tuned into the matrix formulation used for their calculation. It is also noted that, of the quantitative indicators, only a few could be assigned to functional units until now, for example, fair wages [85] and working hours [50] .
Defining
What is "Positive, or Right" and "Negative, or Wrong" in S-LCA Indicators (Issue 7) There is a distinctly different level of confidence in the methodologies between LCA and S-LCA. A problem for impact assessment in S-LCA, which does not exist in LCA, is the ambiguous interpretation of certain indicators [7] . In LCA, we can distinguish what is right or good, and what is wrong or bad, based on the quantified environmental parameters which characterize the impacts. However, certain indicators in S-LCA are less clear-cut: For example, the low payment of workers. From a macro-perspective, as explained by Kloepffer [7] , cheap labor may be a significant advantage for developing countries, enabling them to survive in the global market, which means that cheap labor also provides job opportunities. But this macro-approach may not necessarily reflect the effects on the individual, and could be said to reflect more the short-term economic advantages of the individual worker, for instance, and then the conflict arises when one considers where the line lies between fair employment compensation and slavery [86] .
Another example of the ambiguous valuation of indicators concerns the feedback mechanism. For example, consumer responses to a product could be seen to be reflected by their complaints [50] . However, a boycott of a specific product may not reflect the actual negative social performance related to its life cycle. For example, this social performance is not reflected in the case of Israeli products that have been boycotted by many countries due to the political situation with Palestine, or of Moroccan oranges because of the political situation in the Western Sahara. These examples reflect the influence of a conflict that is unrelated to the immediate life cycle of the product in question. Differing views on these site-specific circumstances make the assessment more difficult. Similar examples can be found in the broader context of bioenergy policy [87] . Questions arise, such as whether benefits stemming from jobs in sugar cane farming for bioenergy are positive enough for the local community, even if the industry might increase the dependency of the local economy to the global market price of sugar cane. In another example, is new job creation in a farm-based industry good or bad if it includes new occupational fatalities? These are examples of how valuations in some assessments become more challenging [87] .
Assessing social impacts is, furthermore, very context-specific and culturally dependent. Certain indicators are highly dependent on the location of the social impact. For example, absence from work can have different implications when applied to different economic or social situations [88] . If absentee rates are low, generally we can make a judgment that this indicates a good thing. However, if it is applied to a highly competitive labor market, where unwell people would go to work rather than to stay at home because they are afraid to lose their jobs, then it would indicate the opposite. Another problematic trade-off on how to evaluate potential positive impacts is what smartphones could bring to (especially) younger generations in certain regions, as opposed to the negative effects linked to the increased stress levels they may cause [87] .
For LCA, the set of environmental indicators is well accepted by the LCA community. However, definitive targets for social performance in S-LCA are not generally agreed upon [43] . The analysis made by Finkbeiner et al. [8] of 150 different societal objectives and indicators proposed in the scientific literature showed that many topics were not coherently addressed, and that a practical methodology for social indicators cannot be directly derived for products or processes, or if they can, only a few indicators could be directly assigned to products or processes. The majority of social indicators quantify the level to which societal objectives in certain areas of life can be attained, yet they are not easily quantifiable [89] .
What is Missing from the S-LCA Consequential Approach (Issue 8)
While increasingly used, S-LCA methodology is not yet irredeemably fixed [90, 91] . The application of S-LCA is increasing, in both academia and the industry [92, 93] . However, it
has not yet incorporated a consequential approach. If CLCA aims to see the consequences of a decision on the environment, consequential S-LCA, or "C-S-LCA", is deemed capable of assessing the consequences of a decision, but not on the wellbeing of society, or in other words, on the social situation of the stakeholders involved in the product life cycle.
A suggestion was proposed for S-LCA to include quantification of the potential shifts or changes of social impacts [68, 94, 95] . In essence, this could involve assessments of shifts in behaviors, affecting stakeholders' social conditions as the life cycle progresses towards a future (or prospective) setting [95] . Efforts to capture the interdependencies of social effects in the behaviors of the stakeholders are essential, yet difficult to conduct. Certain social effects are unpredictable over time, and social indicators are mostly unrelated to the product chain. Regarding the latter, some efforts have been made in relating social indicators to social impacts in the product system, through the impact assessment step.
When looking at the impact assessment step specified in the guideline published by UNEP/SETAC, two S-LCA impact categories were proposed, based on the two different treatments of the results for subcategories [25, 94] . Type 1 handled the resulting subcategories by aggregating them into similar topics, for which stakeholders could gain a better insight using performance reference points, while type 2 handled the resulting subcategories by incorporating causal interconnections of the social impact pathways to midpoint and end-point indicators, using a characterization factor [25, 94] .
Discussion
LCSA is an assessment method integrating LCA, LCC, and S-LCA. Before regarding the method as settled, however, there are some research gaps which we consider to have not yet been satisfactorily bridged across each pair of methods, and thus need more attention. Looking at the integration of the three methods into LCSA, using various case studies, the identified cross-method challenges have been presented, along with directions for future research (Table 1) .
Filling the Gaps
The challenges identified need efforts directed towards their resolution. For the temporality issue (Issue 1), some progress has been made in its clarification, with the treatment of time in LCA addressed in recent studies, highlighting dynamic life cycle inventory [96] and the characterization factor [97] . More emerging approaches are under ongoing development within the LCA community [98, 99] , and are ready to make progress. Having cost assessment that can be conducted by using different perspective (consumer, producer, etc.), similar issue with S-LCA (Issue 3) is expected. Some authors have realized this importance [63, 100] , noting that points of view from different stakeholders will give more meaningful platforms from which to approach sustainability-related issues and their decision making. Additional attempts at addressing this issue are necessary for better harmonization, using, as an example, the benefits of assessing the costs of a product from two or more perspectives.
In S-LCA, some approaches have been attempted to enhance positive assessment (Issue 5) in further studies, for example, by defining what are positive impacts [101] , how to quantify them [102] , and even how to achieve net positive impacts [103] . This idea of focusing on positivism in sustainability is supported by other review studies [64, 74] . How available databases reflect different scales of assessment (Issue 6) has been further addressed by some authors, by regionalizing the scope of assessment, be it in an LCA at the inventory level [104] , impact assessment level [105] ), or S-LCA [106] , and has also been confirmed by a recent review article [107] . In a recent LCA forum [108] , during a discussion on regionalizing LCA, it was suggested that LCA practitioners should be more focused on rectifying spatially explicit datasets in order to have more reliable and accurate results. We hope such discussion will start for S-LCA databases as well in the future. Lastly, proposals for consensus on defining social goals are needed in regards to unclear definitions of what is good and bad in certain indicators (Issue 7), to help facilitate objectivity in the assessment.
Research Opportunities of Consequential Approaches in LCSA
Most research to date has focused on hotspot analyses of the sustainability performance of a product. During review of 114 published studies related to LCSA (see Supplementary Materials), we could not find any mention of consequential approaches being used. To formulate the consequences of environmental flow or of socio-economic value changes over the appointed decision made, more causal assessment is needed. This causal assessment should identify and capture direct and indirect impacts, evaluate the sustainability performance of a product system from an identical perspective, and provide feedback about what has been achieved. Causal assessment plays a vital role in the evaluation of the three sustainability pillars, as it allows us to scope out possible future developments and alternative actions. Furthermore, based on the SDGs, we believe that socio-economic factors and environmental concerns are the foci of stakeholder attention. That is, strategies such as how to alleviate poverty and how to reduce inequality have become global concerns among decision makers. However, are we ready for consequential LCSA? This question and possible answer needs further investigation. Proposal to include a scheme of coherent system boundaries into S-LCA and LCA, by capturing not just physical flow, for the product/service, but also the corresponding interdependencies and flows of social impacts, in the product chain
Conclusions
The identified gaps show that the harmonization of the three discussed methods (LCA, LCC, and S-LCA) within LCSA is urgently required. Further formulation of technical recommendations to conduct LCSA is desirable. We suggest further research should be focused on these technical gaps in the intersecting challenges.
Second, when applying LCSA in a policy context, we suggested that the framework needs a consequential perspective to facilitate capturing not only direct impacts but also indirect consequences. Even though the consequential LCA is not standardized and bridging the gaps in LCSA is still very much a challenge, a stepping stone to paving the road of methodological and technical development of consequential LCSA should be placed first, reflecting how sophisticated the sustainability issue is.
Third, more application of case studies is recommended as lessons learned when integrating LCA, LCC, and S-LCA, for a deeper understanding of methodological trade-offs that may happen between the three methods of sustainability assessment, especially for the causal decision. This is important since the prospective policies made by stakeholders must contribute equally to the three bottom-lines of sustainability or, at least, avoid a biased decision that is, for example, economically viable, but environmentally and socially questionable.
At the end, we alert that applying the suggested solutions on the research gaps (the research opportunities) on subsequent studies can come at the price of the increase of the time required due to the large amount of collected data. Further, it can possibly also increase the uncertainty that has to be anticipated because of possible simplification over trying to reach completeness of the study.
Supplementary Materials: The following are available online, at http://www.mdpi.com/2071-1050/11/3/636/ s1, Figure S1 . Methodology to find LCSA-related papers; Figure S2 . Illustration of inclusion of LCSA-related papers; Table S1 : Highlight of LCSA-related studies.
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